The objective was to investigate the hypothesis that environmental exposure to cadmium may affect calcium metabolism in the population at large. The 1987 participants (965 men and 1022 women), from 20 to 80 years old, constituted a random sample of the population of four Belgian districts. The urinary excretion of cadmium, a measure of lifetime exposure, averaged 9-3 nmol/24 h in men (range 0 4-324 nmol/24 h) and 7-1 nmol/24 h (range 0-1-71 nmol/24 h) in women. Serum alkaline phosphatase activity and the urinary excretion of calcium correlated significantly and positively with urinary cadmium excretion in both men and women, and serum total calcium concentration negatively with urinary cadmium excretion in men only. The regression coefficients obtained after adjustment for significant covariates indicated that when urinary cadmium excretion increased twofold, serum alkaline phosphatase activity and urinary calcium excretion rose by 3-4% and 0 25 mmoll24 h respectively, whereas in men serum total calcium concentration fell by 6 umolIl.
not significant in women. The findings suggest that even at environmental exposure levels calcium metabolism is gradually affected, as cadmium accumulates in the body. The morbidity associated with this phenomenon in industrialised countries remains presently unknown and requires further investigation.
The exposure of human populations to cadmium via the environment is raising much concern, as cadmium is a heavy metal with high toxicity and accumulates in the body.'
Cadmium interferes with the metabolism of vitamin D, calcium, and collagen, and its accumulation may lead to osteomalacia and osteoporosis.'2 These effects are usually considered to be late manifestations of severe cadmium poisoning, and have been seen in exposed workers and in malnourished subjects.'" The quantitative dose-response relation for the effects of cadmium on calcium and bone metabolism, however, remains presently unknown. The present report, part of a cross sectional study on the effects of cadmium on public health,"7 investigated whether environmental exposure to cadmium influences calcium metabolism in the population at large.
Methods

SUBJECTS
As described elsewhere,"7 the 2327 subjects (age range from 20 to 79) constituted a random sample of the population of four Belgian districts selected to provide a wide range of environmental exposure to cadmium. Subjects were excluded from the present analysis when not all relevant measurements were available (n = 248), when 24 hour urine samples were judged under or over collected by previously published criteria (n = 44),8 or when either occupational exposure to heavy metals (n = 41) or smoking habits (n = 7) could not be ascertained from a self administered questionnaire. Age and body mass index combined explained 3% (p < 0-001) of the variance of SAPA in men, and 21% (p < 0-001) in women (table 2). The SAPA was independently related to y-glutamyltranspeptidase activity, to being a regular consumer of alcoholic beverages, and to the daily alcohol consumption (g/day) (table 2). These three covariates combined explained 5% (p < 0-001) ofthe variance of SAPA in men, and 8% of the variance (p < 0 001) in women.
After adjustment for significant covariates SAPA remained positively associated with UCd in men (partial R2 = 0-017; p < 0-001) and women (partial R' = 0-004; p = 0-02). The slopes of these relations (table 2) indicated that a twofold increase in UCd was accompanied by a rise in SAPA by around 3-4% (95% confidence interval from 2 to 6% in men, and from 1 to 5% in women).
SERUM TOTAL CALCIUM CONCENTRATION
Serum total calcium concentration (STCa) was negatively associated with UCd in men (figure); the After adjustment for significant covariates (table 2) , an independent and positive correlation was found between UCa and UCd in the two sexes (partial R' = 0 01; p < 0001 in both men and women). The slopes of these relations (table 2) 
Discussion
In the present population study, three indices of calcium metabolism were related to the urinary excretion of cadmium, a reliable index of lifetime exposure to cadmium.' The direction of the correlations was positive for SAPA and for UCa in both sexes, and negative for STCa in men.
Liver and bone isoenzymes constitute the principal fractions of alkaline phosphatase activity in the serum of normal adults.'2"3 Serum alkaline phosphatase activity increases with age, mainly due to an increased release of the enzyme from the hepatocytes beyond age 50.' 1-6 When SAPA phosphatase is high, normal serum y-glutamyltranspeptidase activity suggests an involvement of bone tissue. In the present analysis the effects of ageing and liver dysfunction on alkaline phosphatase activity were accounted for. Adjustments for liver dysfunction were effected based on serum y-glutamyltranspeptidase activity, reported alcohol intake, and the amount of alcohol consumed each day (g/day). Being menopausal* ---NS 0 046 NS Only significant regression coefficients are presented (exponent of base 10 given, where appropriate); NS = non-significant; -= not considered for entry into the model. Bracketed covariates were tested simultaneously for entry into the model. SAPA = Serum alkaline phosphatase activity (logarithmically transformed); STCa = serum total calcium concentration; UCa = urinary calcium excretion; GT = y-glutamyltranspeptidase activity. *Coded 0 or 1 for condition being present or absent.
population; they were taken into account when the relations between STCa and UCa and the body burden of cadmium were investigated (table 2) . Acute hypermagnesaemia probably inhibits the secretion of parathyroid hormone2" and magnesium ions compete with calcium for reabsorption in the loop of Henle.26 These mechanisms2526 may explain why, in our study, a positive relation was found between serum magnesium concentration and UCa (table 2) . Interference with the metabolism of calcium is usually considered to be a late manifestation of severe cadmium intoxication. By contrast with this long held belief, the associations shown in the figure and the fit obtained with linear regression (table 2) suggest that no threshold exists, and that the effects on calcium metabolism develop gradually, as during life cadmium accumulates in the body. Indeed, the slopes ofthe independent relations reported in table 2 show that when UCd doubles SAPA and UCa rise in both sexes by 3-4% and 025 mmol/24 h respectively, whereas SCa in men falls by 6 pmol/l. These effects on calcium metabolism may be due to renal tubular dysfunction, or the development of vitamin D resistance, or both.' 2 Whether the small metabolic effects seen in the present study also lead to clinically manifest morbidity in the population at large remains to be elucidated. Among the Shipham residents27 and among British workers28 exposure to cadmium was not associated with excess mortality from fractures. On the other hand, bone lesions have been experimentally induced by cadmium in several species of laboratory animals, in whom the combined effects ofcadmium, poor nutrition, and low vitamin D intake proved to be particularly harmful. 
